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ABSTRACT

RRd stars from the Magellanic Clouds form a well-defined bianthe Petersen diagram. We
explain this observed band with our evolutionary and pidsatalculations with assumed metallicity
[Fe/H]= (—2,—1.3). Vast majority of RRd stars from LMC is confined to a narrowange of
(—=1.7,—1.3). The width of the band, at specified fundamental mode peri@y; be explained by
mass spread at given metallicity. The shape of the band teflee path of RRd stars within the
RR Lyrae instability strip. We regard the success in exjmgithe Petersen diagram a support for our
evolutionary models, which yield, mean absolute magniindke mid of the instability strip{My/),
in the range 0! to 0.65 mag implying distance modulus to LMC of .#18mag.

Key words: stars: variable, stars. oscillations, stars: RR Lyrae, stars: double-mode pulsations,
galaxies: Magellanic Clouds, stars: abundances

1. Introduction

RR Lyrae stars are objects of great importance for whol®plsifsics. Double-
mode RR Lyrae stars (RRd), constitute relatively rare quiatyNonetheless RRd
stars attract considerable attention because they praxdmn additional precise
observable, which is the second period (see review of Ko{@#&0a)).

Usefulness of double-mode pulsators was first realized lgréan (1973).
Following his idea, the period data for double-mode pulsatwe commonly rep-
resented in diagrams, called nd®etersen diagrams, in which the period ratio,
R = P1/Po, is plotted against the fundamental mode periBgl, Published ex-
amples of Petersen diagrams for RRd stars may be found irollogving papers:
Nemecet al. (1985a), Clementt al. (1986), Walkeret al. (1994), Alcocket al.
(1997,2000b), Beauliedt al. (1997). The Oosterhoff dichotomy is manifested in
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Petersen diagrams for RRd stars. Namely, RRd variables fhen©osterhoff |
globular clusters occur in systematically shorter peraage than those from the
Oosterhoff Il (Smith 1995).

Petersen diagram in its first application was used to derigesnand radius
estimates for Cepheids (Petersen 1978). The result waseadisayepancy, known
as the double-mode Cepheid mass problem, between the ndasisesl in this way
and the evolutionary masses. The problem disappeared bad@RAL opacities
became available (Moskalit al. 1992).

First comparison of the observed and theoretical Peteiiagrasins for RR Lyrae
stars was made by Ccet al. (1980). No large discrepancy between observations
and models was found. The new opacities were first used talagdcperiod ratios
for RRd models by Cox (1991), later by Kovaeisal. (1991,1992) and Bonet
al. (1996). Kovacs & Walker (1999) used data on RRd stars frorhugéw clusters
to derive luminosities of RR Lyrae stars yielding supportddorighter luminosity
scale.

A large number of data on RRd stars became available as adwgirof micro-
lensing surveys. Most of currently known RRd stars were oleseby MACHO
collaboration (Alcocket al. 1997,2000b). Figure 1. shows Petersen diagrams for
all known RRd stars. The objects belonging to differentlatedystems, galaxies
and globular clusters, are shown in separate panels wittldigy We see that RRd
stars form quite a narrow curved band in the Petersen diagiém objects from
LMC are spread all over the period range, which i463- 0.6 d. Short period end
in LMC is significantly more populated. We don't see such aceorration for
the SMC objects which are more-or-less uniformly distrioljthowever in view of
much scarcer data this conclusion must be regarded prealigniThe data for the
Galaxy and dwarf galaxies Draco and Sculptor are too sparsericlude anything
about properties of RRd stars in these systems. The objectsdlobular clusters
are localized in small parts of the band.

The goal of our paper is to explain the properties of the RRailss defined
by the objects from LMC and SMC. From this we expect to leamething about
RR Lyrae star properties, particularly their luminositias well as about early his-
tory of star formation in the Magellanic Clouds. Furtheredhe abundant data on
RRd stars may yield us a useful constraint regarding themooigdouble-mode pul-
sation. Although the double-mode pulsation has been ssitdlygsmodeled (e.g.
by Feuchtinger (1998)), our understanding of its causestiget satisfactory.

Application of Petersen diagrams as a probe of stellar ptigsels explained
in Section 2. In Sections 3. and 4. we provide some detailsrdigy our model
and pulsation calculations, respectively. Interpretatid the RRd band based on
model calculation are presented in Section 5. In Section €.discuss absolute
magnitudes of RRd stars. Uncertainties of the theoretiesrBen diagram are
analyzed in Section 7.
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Figure 1: Petersen diagrams for RRd stars in various stellar systems. Data taken
from (number of objects in parenthesesMC (181) — Alcocket al. (1997, 2000b),
SMC (26) — OGLE private communication (unpublishe®yaco (10) — Nemec
(1985a),1C4499 (16) — Clementt al. (1986), Walker & Nemec (1996 M3 (5) —
Corwin et al. (1999),M15 (12) — Nemec (1985b), Jurcsik & Barlai (1990), Pur-
dueet al. (1995),M68 (12) — Walker (1994)sSculptor (1) — Katuznyet al. (1995),
Galactic field (5) — Garcia-Melendo & Clement (1997), Clemenghil. (2000).
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2. Petersen diagram astrophysics

One needs six parameters to calculate envelope structdreadial mode fre-
quencies. These are, for example: mass, luminosity, effetémperature, two
parameters for chemical composition (i¥.and Z) and the mixing-length theory
parameter ). We fixed the value oK at 076 because possible small variations
about such a value have little effect on stellar properti¥s.also fixed the value of
o in our main surveys, however in Section 7. we discuss urioiga connected
with the choice ofa. Also in Section 7. we discuss effects of choosing heavy
element composition different than the solar mix (GreveésBmels 1993) adopted
by us as a standard in pulsation calculations. We use tmdaitd to translat& to
[Fe/H]. This quantity is more customary than [M/H].

Figure 2. shows how the four remaining parameters affedtippf the RRd
model in the Petersen diagram. The reference model may hedestytypical for
RRd stars in LMC. We may see that the parameter crucial fovahee of period
ratio is Z, which is not a new observation. Next important parametkmsnosity,

L, and massM. However,M and L are strongly constrained b¥, as we will
see in next sections. Thus, we may regard the value of pesittal as a probe of
metallicity. If we assume that the mass of RR Lyrae star isrd@ned byZ, which

is only approximately correct, then with the help of stetaplution calculations,
which yield L(M, Tegt, Z) (in fact, two of them because of the shape of the track), we
obtain a one-to-one correspondence between a trajectdheiRetersen diagram
and theTe(Z) dependence for RRd stars. In reality, we do not have unij(i2)
dependence, thus we have a band rather than a single trgje&till, the shape

of the band must reflect primarily th&g(Z), or equivalently,L(Tes) relation for
RRd stars.

3. Evolutionary models

All the evolutionary tracks for He-burning stellar modelsed in the present
analysis, have been obtained by means of the FRANEC evoarijocode (Stra-
niero & Chieffi 1989, Cassisi & Salaris 1997, Castellanal. 1999), by adopting
canonical semiconvection for the treatment of mixing duitime central He-burning
phase (Horizontal Branch, hereinafter HB).

The OPAL radiative opacities (Iglesias & Rogers 1996) hasenbadopted for
temperatures higher than 00 K, while for lower temperatures we have used the
molecular opacity tables provided by Alexander & Fergust®B4). This choice
allows us to have a smooth match between the two differentitypsets. Both
high and low-temperature opacities have been computedsoyrasg a solar scaled
heavy element distribution (Grevesse 1991). As far as iteors the equation of
state, we adopted the Straniero (1988) EOS supplementesvat temperatures
with a Saha EOS. The outer boundary conditions have beendbeatding to the
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Figure 2: The effect of the envelope parameters on the maaktign in the Pe-
tersen diagram. The central model is characterized by thewiog parameters:
X =0.76,Z=0.0007, loglest = 3.842, logL /L., = 1.705 andM = 0.69My; .

T(1) relation given by Krishna-Swamy (1966). Concerning thatmreent of the
superadiabatic layers the mixing-length calibration ped by Salaris & Cassisi
(1996) has been adopted. The other physical inputs are the aa in Cassisi &
Salaris (1997).

We have computed evolutionary sequences of models foralewetallicities,
but by adopting in all cases an initial helium abundance etuy = 0.23. All
the HB models correspond to a Red Giant Branch progenitdr miss equal to
0.8 My, . In fact, the Zero Age HB structures have been constructededch fixed
metallicity, by using the helium core mass and the enveldmamical abundance
profile suitable for a RGB progenitor with this mass.

4. Pulsations

Our next step was to map evolutionary tracks into Petersagram. The en-
velope models were calculated for surface parameters faemnthe evolutionary
tracks. The linear non-adiabatic periods were calculatiid avstandard pulsation
code (Dziembowski 1977). The envelopes were calculated glightly differ-
ent physics than the evolutionary models. OPAL equationtateswas adopted
in whole envelope. Although there are very small differenbetween HB tracks
computed with the OPAL compared to Straniero (1988) eqnaifcstate, the dif-
ferences in resulting periods could be significant. The ldeptthe envelope and
the spatial resolution were determined by the accuracyinement of period ratios
on the level of 2« 10~*. Convection was treated with standard MLT formalism.
In pulsation calculation we ignored the Lagrangian pesdtidm of the convective
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‘ Z ‘ Mmin ~ Mmax ‘
0.0015/ 0.62 0.675
0.001 | 0.64 0.695
0.0005| 0.665 0.719
0.0003| 0.7 0.751
0.0002| 0.735 0.785
0.0001| 0.79  0.855

Table 1: The allowed masses of RR Lyrae stars in the seleffaadiee temperature
range based on the evolutionary tracks.

flux.

We restricted our attention to the central part of the pidsat instability strip,
extending from lod@es = 3.815 (6531 K) to 3.855 (7161 K). In this region both
fundamental mode and first overtone pulsations are unstablechtinger (1999) in
his numerical simulations found either-or behavior in same narrower temper-
ature range. In another paper Feuchtinger (1998) foundtaisad double-mode
pulsation afTe; = 6820 K.

The segments of the evolutionary tracks from the selecteghdeature ranges
were mapped into the Petersen diagram. Examples are shdviguire 3.

5. Properties of the RRd band

5.1. Constraints on mass from evolutionary models

Each of our evolutionary tracks is characterized by two ipatars, i.e. mass
and heavy element abundance of the motie) ). Our goal here is to determine
range ofM for specifiedZ, corresponding to the selected temperature range (Sec-
tion 4.). The track is considered allowed if the star spendfecgently long time,ts,
in this range. Figure 4. shows star lifetimes for models &ith 0.0002 and arange
of masses. In Figure 5. we show the total time spent in thetseldemperature
range s) as function ofM andZ. We see that the time depends stronglyMn
In the cases of two stays in the selected temperature rakgdot M = 0.74 M,
shown in Figure 4.1 is the sum of two time intervals. For each valueZoive see
sharp maxima ofs (t&®). The values oM corresponding to the maximum may
be described by the following mass-metallicity relation:

M /M., = 0.709— 0.128 ([Fe/H]+ 1.6). 1)

We regarded th/ value as allowed ifs > 0.2t®*. The range of allowed masses
for eachZ is given in Table 1.



5.2. Congtraints on metallicity from Petersen diagram

We have seen in Figure 2. that two parameters most influertbimgperiod
ratio value areM and Z. In the previous section we showed that the mass range
is significantly limited for given metallicity. Hence, in gtice the period ratio
determinesZ. We can thus determine its ranges by mapping tracks intodtersen
diagram. Figure 3. shows tracks for 3 metallicities and esponding masses.
Mapped tracks allow us to conclude that observed RRd staalliogtes range
from 0.0002 to 0001. The resulting RRd “island” itM — Z plane is shown in
Figure 6.

We are now in the position to discuss metallicities of RRdssia the Magel-
lanic Clouds. With the help of Figure 1. and 3.b we may congltltht most of
RRd stars in LMC have values in the range af0.00040.001), which translates
to [Fe/H]= (—1.7,—1.3). How this value is compared with determinations by oth-
ers? Kovéacs (2000a) quotes the [Fe/H] spread-ef.9,—1.3) for all RRd stars
in LMC, what is essentially equivalent to an early estimdt@apielski & Dziem-
bowski (2000). Clementinét al. (2000) find a wider range of [Fe/H] from their
spectroscopic data for RR Lyrae stars. They quote(th2.28 —1.09) range. At
this point we wish to remind the reader that our [Fe/H] valaesinferred assum-
ing the same heavy element abundances as in the sun. Tlegedation is needed
when comparing those values with the spectroscopic ones.

Dolphin (2000) finds evidence for a strong star formatiorsege at [Fe/H:
—1.63+0.10 in LMC. The [Fe/H] values for LMC globular clusters comtiaig
RR Lyrae stars are in the range-2.11, —1.71) (Johnsoret al. 1999). We see in
Figure 1. that RRd stars from M3 and 1C4499 occur in the regibmaximum
concentration of RRd stars from LMC. The values of metdllicire respectively
—1.57 and —1.5 (Smith 1995), which are close to the center of the metsllici
range inferred by us. On the other hand, RRd stars from M15\6®l occur at
the high period end of the RRd band. The metallicities of¢éh®g clusters are
—2.15 and—2.09 (same source), lower by some @han those inferred by us. As
we discuss in Section 7., this discrepancy may be explaiggddlow value ofa
adopted in our pulsation calculation, but also could be dustertainty of [Fe/H],
which exceeds Q5 (see for instance Rutledgeal. (1997)).

5.3.  Wdth and shape of the RRd band

The width of the RRd band at givel®y may be explained by the mass spread
for specified metallicity. The estimate of the correspogdipread in period ratio,
AR, is provided in Table 2. We may see that it ranges fra602 to 0004, which
is even more than the width of the observed band (see Fighje B the same
figure we may see that the branch ambiguity is a relativelylistoatributor to the
spread in the period ratio.

To simplify further discussion of the shape, we adopt frorwrmm a unique
M(Z) relation that is determined by the maxima shown in Figure 5th\this
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Figure 3: Selected evolutionary tracks ia) the Hertzsprung-Russel diagram,

b) Petersen diagram. l&) we use thick lines to denote parts of the tracks used in
pulsation calculations. Observed RRd stars are shown asgrdnt Vertical arrows
connect models with the same effective temperature, freneftt logTes = 3.845,
3.835 and 3818. Solid and dashed arrows correspond to the lower andr uppe
branch of the tracks, respectively.
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Figure 6: Allowed domain for RRd stars in thé — Z plane. Two slopingM(Z)
lines are determined by considering time spent in the sdetetmperature range.
Two horizontal lines follow from the observational Petergkagram. Nonlinear
double-mode model (Feuchtinger 1998) is shown with a cross.

oR
z AM (W)po AR

0.001 | 0.055| 0.0667 | 0.0037
0.0005| 0.050| 0.0500 | 0.0025
0.0003| 0.051| 0.0467 | 0.0024
0.0002| 0.050| 0.0428 | 0.0021

Table 2: Mass spread effect on the Petersen diagram band atidonstan®,.

restriction we may write
Pox = Pok(Z, Tef), 2

Rk = Rk(Z, Tett), 3

wherek = 1,2 identifies the branch of the track. After eliminatifigg, we get
the Petersen relation® x = R k(Po,Z). In Figure 3.b we see that for given, the
separation reflecting the two choiceslkgfis well within the observed width. Thus,
the shape of the RRd branch reflects Tag(Z) dependence for RRd stars.
Adopting central values off at given Py, we may invert Eq. (2) and (3)
to obtain Te(Z). In this case, the branch ambiguity is significant. Using our
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evolutionary tracks and Eq. (1) we found
log Test = 3.8347+ 0.0363([Fe/H]+ 1.6) for the upper branch )
log Test = 3.8315+ 0.0377([Fe/H]+ 1.6) for the lower branch
Successful nonlinear models of double-mode pulsation Idhexplain these

phenomenological relations. At this stage we cannot saythvendt is metallicity
or luminosity that matters, since the two parametfig ([Fe/H]) are correlated.
With the use of evolutionary tracks we can determine theespondingTes on L

relations, which give the locus of RRd stars in the HR diagrahe result is
(5)

logL/Ls = 1.723— 2.684 (log Test — 3.835) for the upper branch
logL/L; = 1.703— 2.124 (log Te — 3.835) for the lower branch

These two relations are shown in Figure 7. In the same figurshoes lines

separating different behavior of RR Lyrae stars from oletgous and theory.
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Figure 7: Different pulsational behavior or RR Lyrae in HRgliam. Solid lines
encompass observational fundamental mode domain (GézacKewprivate com-
munication). The two short-dashed lines, which are from eh@dlculations of
Kollath et al. (2000), show blue edges for first overtone and fundamentalemo

pulsators (FOBE and FUBE respectively). The two dashed Istow relations
given in Eqg. (5). Position of the model for which FeuchtingE998) found a sus-

tained double-mode pulsation is shown with a cross.
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The RRd localization between RRc and RRab stars was fourehaimnally
by Walker (1994) in his work on RR Lyrae in M68. It is supportadrecent work
of Bakos & Jurcsik (2000) for M3.

It is important to notice that inclination;-dlog(L/L.)/dlogTes, of the bi-
modality strip is significantly smaller than the inclinatiof all other characteristic
lines shown in Figure 7. According to current understandihg bimodal behavior
is caused by specific property of convection (see e.g. KoBaBuchler (2000)).
Convection also determines the red edge of the instabilitg, shus we would
expect a similar inclination of the two lines. That the thefails to explain in-
clinations of the characteristic lines is not a new probldmdeed, as Kollattet
al. (2000) pointed out there is a large disagreement betweeobibervational and
theoretical lines separating first overtone and fundarhembale pulsators. The bi-
modality strip from recent model calculations of Koll&theal. (2000) is drastically
different than the one determined by us. Apparently, thrergill a need for further
improvement in nonlinear modeling of RR Lyrae star pulsatio

6. Double-mode pulsators and absolute magnitudes of RR Lyeastars

Kovacs & Walker (1999) used period and photometric data terdene the
absolute magnitudes of RRd stars from three globular akist€his was a novel
approach to the important and still vividly debated probtefrabsolute magnitudes
of RR Lyrae stars. Different methods yield results, that mder as much as G
mag. Kovacs & Walker (1999) found RR Lyrae stars brighter i¥-00.3 mag
than inferred by means of the Baade-Wesselink method. Tésilt was amongst
those indicating higher luminosity of these stars.

In our investigation we make a different use of RRd starstebs of photo-
metric data, we use evolutionary tracks. Following KovaciVé@lker (1999) we
assume that the luminosities of RRd stars are representatithe whole popu-
lation of RR Lyrae stars. Choosing evolutionary track atheZcfor the central
mass value, we may infdr at the RRd temperatures. We recall the [Fe/H] is the
customary counterpart &, based on Grevesse & Noels (1993). With the help of
Kurucz (1999) tabular data, we derived

(My) = 0.452+0.162([Fe/H]+ 1.6) for the upper branch ©6)
(My) = 0.546+ 0.240([Fe/H]+ 1.6) for the lower branch

The luminosities given in these equations are close to thie himinosity end of
the debated range.

Somewhat higher luminosities for RR Lyrae stars were ddrlwe Carretteet
al. (2000), who relied on the main sequence fitting. He quotefollmving result,

(My) = (0.450.12) + (0.18+0.09) ([Fe/H] + 1.6). @)
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Demarqueet al. (2000) combining their evolutionary tracks with photonettata
on globular clusters obtained

(My) = 0.55+0.21 ([Fe/H] + 1.6), 8)

which is not too different from our estimate.

There are three distinct methods which lead to the significéower RR Lyrae
star luminosities. Gould & Popowski (1998) used the siatisparallax method to
infer

(My) = 0.77+0.13 at [Fe/H]~ —1.6. 9)

Udalski et al. (1999) in their determination of the absolute magnituddiedeon
the distance to LMC, determined by the red-clump method,thed photometry
of RR Lyrae stars. They found the mean value afle- 0.07. Smith (1995) quotes
two results obtained by means of the Baade-Wesselink method

(My) = 0.76+ 0.16 ([Fe/H]+ 1.6) after (Jonest al. 1992) (10)
(My) = 0.72+0.20 ([Fe/H]+ 1.6) after (Cacciaret al. 1992)

We should stress however, that more recent analysis of thengditional material
suggests higher luminosity values

(My) = 0.63+0.21 ([Fe/H]+ 1.6) after (Fernley 1994) (11)
(My) = 0.50+0.28 ([Fe/H]+ 1.6) after (McNamara 1997)
Having determined mean luminosities of RR Lyrae stars we pnayide our esti-
mates of distance modulus to LMC. In this we must rely on mesmsants of visual
magnitudes. Mean visual magnitude of RRd stars from the M@Ckdta is 183
mag (Alcocket al. 2000a). From Eg. (6), adopting [Fe/H]=-1.5, we get average
absolute magnitude of. 52 mag, which impliem— M) yc = 18.81 mag. If in-
stead of MACHO we adopt OGLE mean visual magnitude (Udadski. 1999),

we get(m— M) yc = 1842 mag. The OGLE mean value refers to a sample of
various types of RR Lyrae pulsators, but we have no evideheeg is a systematic
difference in luminosities between RRd stars and the whatifation of RR Lyrae
stars. These numbers may be compared with- M) \ic = 1853 mag, derived by
Kovéacs (2000a), by means of the method developed by Kovacsalikan/(1999).
Kovacs (2000b) application of a similar method to doubledm&epheids from
SMC implies, after using distance modulus difference betw8MC and LMC of
0.51 mag (Udalsket al. 1999), (m— M) mc = 1854 mag. A recent measurement
of the LMC distance modulus based on the Red-Clump methoth@Relloet al.
2000), as well as other works based on different distancedtats - referenced
therein, supports also a long-distance scale.
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7. Uncertainties

We have seen that the Petersen diagram is indeed a powelftdtdiagnosing
evolutionary models of RR Lyrae stars and for determiningatfieities in stellar
systems. The tool, however, requires high precision inutaled period ratiosg .

A 104 difference in the period ratio corresponds to 3% differeinc&. Let us
recall that the whole range of period ratios for RRd stars.®®-+-0.748. It is
not difficult to reach the numerical accuracy ok 20~* in calculated period ratios
within the linear non-adiabatic treatment. Typical difece between non-adiabatic
and adiabatic period ratios isQD2.

The treatment of convection has some effect on calculatéddse Undoubt-
edly, thea effect on® cannot be ignored. The period ratio values are affected by
the difference in the envelope structure implied by chamge.i In Figure 8. we
illustrate the effect ofa on the interpretation of the Petersen diagram. We com-
pare there model results obtained with= 1, which was the adopted standard in
our pulsation calculations, with = 2, close to the values adopted in evolutionary
track calculations. The choice af = 2 in pulsation calculation implies shift of
upper limit of Z from 0.001 to 000125 ([Fe/H] from—1.3 to —1.2) and the shift
of the lower limit of Z — from

Details of heavy element composition are another effectatémtial signifi-
cance. In our calculations we used the standard solar miXtBrevesse & Noels
1993). Kovacst al. (1992) studied the effect of using different mixtures. Sipec
cally, they considered an oxygen enhanced mixture. Usingdadata of Kovacs &
Walker (1999) we found that with such a mixture, the maximwaiug ofZ for RRd
stars should be about@2 instead of M01, quoted by us in Section 5.2. How-
ever, the change in the metallicity parameter, [Fe/H],tisigh and amounts to
about—0.15.

The uncertainty of nonlinear effect on the value of periotiorés the most
difficult to estimate. The problem was first investigated bynB et al. (1996)
and recently revisited by Kollath & Buchler (2000). Thes¢haus found that the
period ratio shift due to nonlinear effect is less than zeranost cases, and may
be as large as-8 x 10~*. We will use the value of-4 x 10~#, which corresponds
to typical amplitudes of RR Lyrae stars. Thus we have to adek4@* correction
to infer the linear period ratio value from observations.isT¢torrection translates
to 10% decrease in the inferred valueb{0.05 decrease in [Fe/H]).

8. Summary

We have seen that the Petersen diagram for RRd stars in thellstaig Clouds
may be explained by standard model calculations. The @dlonk involved evo-
lutionary models of horizontal branch stars and linear admabatic calculations of
radial pulsation periods. The agreement has been achiegetning metal abun-
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Figure 8: The effect of mixing length theory parameter,on model position in
the Petersen diagram. Results of pulsation calculatiottsavi= 1 (solid lines) are
compared with that calculated with= 2 (dashed lines). Dots correspond to RRd
data.

dances consistent with other determinations.

This successful explanation of the Petersen diagram magdagded as a test
of our models. These models yield mean absolute magnityds) ~ 0.5 mag.
Hence we support the brighter luminosity scale for RR Lytaess

The range of metallicity needed to explain the whole extériRied band is
[Fe/H]= (—2,—1.3) for both Magellanic Clouds. While in SMC the objects appear
to be uniformly distributed in this range, in LMC we see a str@oncentration in
the range(—1.7,-1.3).

We have discussed uncertainties in our inference on nwtigéi following
from the uncertainty of calculated values of period ratiks.primary sources are
treatment of convection and nonlinear effects as well asguntp of the heavy el-
ement abundance. All these effects contribute to unceytaiiFe/H] on the level
of 0.5. All of them should and can be reduced.

The observed width of the RRd band in the Petersen diagranbmexplained
by the spread in masses at given metallicity. Petersenaiiagprovide a stringent
constraint on RRd temperatures. As expected, these tetuamsaorrespond to
the mid of the RR Lyrae range. In detail however, there isfeidihce between our
RRd path in the HR diagram and that found by nonlinear modeldur RRd strip
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is significantly more inclined than the blue and red edgesefinstability strip.
The path from nonlinear simulations has inclination moentB0 degrees.
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